Ion and water movements in the isolated gall bladder of several teleost species were studied in relation to osmoregulation and to hormone treatments. When gall bladders were bathed on both mucosal and serosal sides with isosmotic Ringer solution, a considerable amount of water moved from mucosa to serosa in all the species examined, and sodium and chloride concentrations in the passing fluid were greater than those of the Ringer solution, indicating active transport of these ions. The gall bladder of the freshwater-adapted eel was identical in its ion and water absorption capacity with that of the eel in sea water. No change in this absorption capacity was observed after cortisol treatment of the freshwater eel or prolactin treatment of the seawater eel, although these treatments produced significant effects on ion and water movements in intestinal segments isolated from the same fish. Treatment of gall bladders from starry flounder with oxytocin and arginine vasotocin in vitro showed an inhibitory effect on water movement. Comparative studies of several teleost species reveal no correlation between marine or freshwater existence and the absorption capacity of the gall bladder, nor any relation of the latter to the structure of the gall bladder (tubular or sac-like). The lack of response to environmental salinity changes and to cortisol and prolactin indicates that the teleost gall bladder is not merely an ontogenic extension of the intestinal surface in its osmoregulatory ability.
The piscine vertebrates are remarkably well equipped with organs and surfaces for the transport of ions and water. In addition to gills, kidney and intestine, which have been well investigated and to special organs such as the chondrichthyean rectal gland, the teleost urinary bladder has proved to provide an important surface for ion and water movements, responsive in some species to hormonal regulation and to adaptive changes dictated by environmental salinity Johnson et al., 1972 ; Utida et al., 1972) . The gall bladder, already recognized in both fish and mammals as capable of ion and water transport (see Diamond, 1962a) , was further investigated in teleosts as a consequence of our teleost species this organ is a sac-like structure, as is typical of tetrapod vertebrates; in other species it is an elongate blind tube, closely resembling and adjacent to major mesenteric blood vessels, from which it is obviously readily distinguishable owing to the green color of its contents. Both the sac-like and tubular types lend themselves readily to the standard in vitro methods for measuring amphibian and teleost urinary bladder permeability.
Materials and Methods
Most of the fish used in this study were Japanese Received for publication October 15, 1971. yellowtail, Seriola quinqueradiata; and the pladactylid, Goniistius zonatus) were also used for comparative study. The gall bladders of Seriola and Goniistius were elongate, tube-like structures, whereas those of the other species were sac-like. In all species several hepatic ducts unite with the cystic duct to form the common bile duct. The fish were killed by decapitation, and after opening the abdomen, the gall bladder was carefully separated from surrounding organs, and the common duct was cut just before it reached the intestine. With a blunt-tipped needle attached to a syringe inserted up the common duct into the gall bladder, the bile was withdrawn, and the organ washed out with Ringer solution (modified Krebs bicarbonate-Ringer: 125mM NaC1, 5mM KCl, 4mM CaCl2, 1.25mM MgSO4, 1.25mM KH2PO4, 26 mM NaHCO3, 0.05% glucose, gassed with 95% 02 and 5% CO2) until the lumen appeared colorless. A flanged capillary tube was inserted into the common duct, and was secured by a tight ligature. The isolated gall bladder was filled with Ringer solution, and was placed in a 50-ml Erlenmyer Results Figure 1 shows the rate of water absorption in the gall bladders isolated from freshwaterand seawater-adapted eels, using Ringer solution as both the luminal and outer (serosal) solutions. Water was absorbed steadily for 3 hr, but there was no difference in the absorption rates between the gall bladders of fresh- In all cases concentrations of sodium and chloride ions in the passing fluid were greater Fig. 3 . Effect of oxytocin (OXT) and arginine vasotocin (AVT) on water movement out of isolated gall bladder of the starry flounder, Platichthys stellatus. Oxytocin and arginine vasotocin were added at concentrations of 500 mU/m/ and 5 mU/ ml, respectively, to the serosal solution after 1hr of incubation (shown by arrow). After 3 hr, the serosal solution was changed to normal Ringer solution. Serosal Ringer solution was also changed after 1 and 3 hr in the control gall bladder preparations. Vertical bar shows standard error of the mean. than those of the Ringer solution. Permeability to chloride ion was significantly lower in the intestine of the cortisol-treated freshwater eel than in the saline-injected control, and greater in that of the prolactin-treated seawater eel. The same tendencies were also observed in the permeability to sodium ion in the intestine and to sodium and chloride ions in the gall bladder of the hormone-treated eel, but the differences were not significant. Figure 2 shows the rates of ion and water movements in the gall bladder of several teleost species. In all the species examined, the gall bladder moved ion and water at rates comparable with those of the eel, but no correlation between marine or freshwater existence and water or ion movements was revealed. Furthermore, there was no difference in ion and water absorption capacity between Serbia and Goniistius, the gall bladder of which was an elongate, tube-like structure, and the other fish which had the usual sac-like gall bladder.
In vitro treatment of gall bladders with oxytocin (500mU/ml) inhibited water movement significantly in the starry flounder, and the effect was not readily reversible. A lower concentration of arginine vasotocin (5mU/ml) also showed a tendency to inhibit water movement (Fig. 3) .
Discussion
The fundamental study on ion and water transport mechanisms in the gall bladder was conducted by Diamond (1962a,b ,c) using a freshwater teleost, Rutilus rutilus. It is known that during its retention in the gall bladder the bile may be reduced in volume by about 90%, while various physiologically significant components-the bile pigments, steroid bile acids and cholesterol-undergo practically no reabsorption ; the gall bladder can selectively absorb isotonic Ringer solution in a manner similar to the intestine and many other epithelia (see Diamond, 1962a (Diamond, 1962b,c) . However, the gall bladder of the seawater-adapted eel was identical in its ion and water absorption capacity with that of the freshwater eel. A comparative study using several other teleost species revealed that there was no correlation between marine or freshwater existence and absorption capacity of the gall bladder, nor any relation of the latter with the anatomic structure of the gall bladder. When compared with the differential functioning of the intestine from freshwater and seawater eels, the lack of response is notable (see Utida and Hirano, 1971; Utida et al., 1972) . This absence of change in gall bladder function would lead one to expect no effect of the hormonal stimuli important in determining the nature of ion and water movements by the intestine and by the urinary bladder. In the eel intestine, the pituitary-interrenal axis is involved in the augmented absorption capacity in sea water, and injection of ACTH or cortisol into the intact freshwater eel causes an increase in ion and water transport (Hirano et al., 1967; Hirano and Utida, 1968) . On the other hand, prolactin injected into seawater eels decreases intestinal ion and water absorption Utida et al., 1972 ). An inhibitory effect of prolactin on water movement was also observed in the urinary bladder of the starry flounder in sea water Johnson et al., 1972) . Cortisol seems to be the dominant hormonal factor in regulating teleost hydromineral balance in sea water, and prolactin seems to be a dominant factor in fresh water, the former acting primarily at the level of ion pump(s) and the latter at the level of permeability barrier(s) (see Utida et al., 1972) . However, these hormones had no effect on the ion and water movements in the eel gall bladder, whereas they produced significant effects in the intestine isolated from the same Diamond (1962a) has reported that relatively large amounts of oxytocin inhibit water absorption in the roach gall bladder in vitro, and claimed that regulation of the physiological rate of absorption depends upon oxytocin. In the present study, an inhibitory action of oxytocin was also confirmed in the gall bladder of the starry flounder. Furthermore, arginine vasotocin also showed a slight inhibition at lower concentration. In contrast to the antidiuretic action of neurohypophysial hormones in tetrapods, these hormones, especially arginine vasotocin, seem to act as diuretic factors in freshwater teleosts (Maetz et al., 1964; Chester Jones et al., 1969; Sawyer, 1972) . The inhibitory effect of arginine vasotocin (as well as oxytocin) on gall bladder water movement is in physiological accord. with the known diuretic action of these hormones on the kidney of freshwater teleosts. The renal effects may be secondary to vascular changes induced by the octapeptides (see Utida et al., 1972; Sawyer, 1972) , whereas the effect on the gall bladder would seem to be on permeability. However, it should be noted that 500 mU/ml of oxytocin and 5 mU/ml of arginine vasotocin as used in the present study are still higher than the physiologically effective doses for the amphibian urinary bladder (see Bentley, 1966) . At any rate, the lack of response of the teleost gall bladder to environmental salinity change and to cortisol and prolactin seems to indicate that the gall bladder is obviously not merely an ontogenic extension of the intestinal surface in its osmoregulatory ability. Nevertheless, despite the absence of hormonal control by cortisol and prolactin, reabsorption of ion and water from the bile should not be ignored in analyses of hydromineral balance in teleosts.
